Abstract Permeability and porosity are essential properties of hydrocarbon reservoirs that are series to compute the production rates and the original hydrocarbon in-place. Permeability and porosity are often specified by the pore size distribution. Knowing pore size distribution along wellbore can greatly help us in determining perforating depth, mud, and cement type, etc. There are several experimental methods for determining pore size distribution such as capillary pressure measurements, but these methods are time and cost consuming. The goal of this study is to analyze repeat formation tester (RFT) data to determine pore size distribution profile along wellbore. By analyzing RFT data, reservoir pressure, fluids density, fluids contact, and capillary pressure were determined. Pore radiuses were calculated from capillary pressure, and pore size distribution was determined from frequency analysis of pore radius. On the other hand, mercury injection experiments were carried out on several core samples, and the results were used to determine pore size distribution from core analysis. At the last step, the pore size distribution obtained from RFT and core analyses was compared. Result of comparison shows acceptable accuracy of RFT pore size distribution.
Introduction
The proper description of the pore size distribution (PSD) and the pore structure is significant, because the nature of the pores is highly impressed the mass transfer through the grains (Bacskay et al. 2014) . A quantitative characterization of the range of pore sizes in a sample is provided by the pore size distribution (Giesche 2006) . Pore sizes are divided into three clusters: (i) micropores, having radius (\1 nm); (ii) mesopores, having radius between 1 and 25 nm; (iii) macropores, having radius ([25 nm) (Bacskay et al. 2014) . One method from variety of experimental techniques is used to measure pore size distribution by depending on the range of the pore sizes that a porous material contains (Mourhatch et al. 2011) . Dukhin et al. (2013) analyzed pore size and porosity of porous materials by using electroacoustic and high-frequency conductivity. Chalk et al. (2012) determined pore size distribution from challenge coreflood testing by colloidal flow. Martin et al. (2007) determined the pore-throat size distribution in plugs by using the centrifuge as a tool. Dong et al. (2007) exacted pore networks by using X-ray microtomography (micro-CT) to image rock cuttings of poorly consolidated. Elgaghah (2007) used scanning electron microscope (SEM) and determined the pore size distribution. Howard et al. (1993) used proton nuclear magnetic resonance (NMR) method and showed that the longitudinal relaxation time (T1) in water-saturated sandstones is related closely to the pore size distributions.
This paper presents determination of pore size distribution profile along wellbore using repeat formation tester (RFT) data. Figure 1 shows the flowchart of the procedure in this study. The steps of procedure have been explained below.
Methodology

Determination of formation pressure
The formation pressure for each depth was obtained by plotting pressure versus time for each test. RFT profile was obtained by plotting formation pressure versus depth. From this profile, fluid density and fluid contacts were determined. A pressure gradient over the hydrocarbon-bearing interval of the reservoir and a pressure gradient over the water-bearing interval of the reservoir were specified by plotting pressure measurements. From these pressure gradients, the fluid densities were calculated by using this equation:
where q is fluid density in gr/cm 3 and DP/DD is the pressure change over the appropriate depth interval in psi/ft (Raymer and Freeman 1984) .
Capillary pressure from RFT data
Capillary pressure was determined by using the capillary pressure (Eq. 2) which depended on fluid densities, fluid pressures, and the elevation within a capillary system:
where P c is capillary pressure, P h is hydrocarbon pressure at a given elevation, P w is water pressure at a given elevation, h is the elevation above the free water level (hydrocarbon-water contact), g is acceleration due to gravity, q w is water density, and q h is hydrocarbon density (Raymer and Freeman 1984) . Rearranged, Eq. (2) becomes:
where P c is capillary pressure in psi, h is the elevation above the free water level in m, q h is hydrocarbon density in gr/cm 3 , and q w is water density in gr/cm 3 (Raymer and Freeman 1984) .
Determination of pore radius
Pore radius was calculated through capillary pressure considerations. The correlation between capillary pressure and pore radius is:
where P c is capillary pressure, c is interfacial (surface) tension, h is contact angle, and r p is pore (capillary) radius. Holcott apperceived that adhesion tension (the product of cosine of contact angle and surface tension) was typically 30 dynes/cm in many oil-bearing reservoirs at reservoir conditions. Hough, Rzasa, and Wood apperceived that adhesion tension of gas-bearing reservoirs was 35 dynes/ cm. By using these values, Eq. 4 is written as:
where r p is pore radius in lm, P c is capillary pressure in psi, and a is equal to 8.7 for oil-water at typical reservoir conditions (Raymer and Freeman 1984) . Pore radiuses were calculated from capillary pressure data. Pore radius and frequency of each pore radius were analyzed, and pore size distribution was plotted in four different intervals above water-oil contact. Data of well Koushk No. A located in Yadavaran oilfield including RFT tests and core samples were used in this work. Mercury injection experiment was carried out on core samples, the results were used to determine pore size distribution, and comparison with the results obtained from the RFT data.
Results and discussion Table 1 . Figure 3 shows formation pressures versus depths plot; different slope of the two lines indicates that fluid phase of the reservoir has been changed. Oil zone is in the region of the upper line, and the water zone is in the region of the lower line. The intersection of the two lines indicates water-oil contact at the depth of 3057 m. The capillary pressure for every depth at the reservoir was determined by knowing the difference of the fluid densities from the previous section and by using Eq. (3). Calculations of capillary pressure for two depths are represented in Table 2 as examples. Figure 6 shows the pore size distribution curve for interval 3035-3050 m of well Koushk No. A, which indicates radius of pores is between 3 and 13 lm. Figure 7 shows the pore size distribution curve for interval 3051-3056 m, which indicates radius of pores is between 10 and 100 lm. Figure 8 shows the pore size distribution for depth 3038.5 m. During mercury injection experiment, due to extremely high pressure the mercury penetrates into very small pores. The results of core analysis in this depth show that most of the pores (about 85%) have a radius between 1 and 20 lm and about 26% of the pores have a radius of 10 lm. Figure 9 shows the pore size distribution curve for depth 3040.8 m. The curve shows that most of the pores have a radius between 2 and 15 lm and about 27% of the pores have a radius of 7 lm. The PSD curve of this depth is very similar to the PSD curve of the depth 3038.5 m, which is shown in Fig. 8 while the curve has a small shift to the left. Figure 10 shows the pore size distribution for depth 3045.5 m. About 80% of the pores have a radius between 1.7 and 13 lm, and 26% of the pores have a radius of 6 lm. Figure 11 shows the pore size distribution for depth Pore size radius (µm) Frequency (%) Fig. 9 Pore size distribution for depth 3040.8 m 3048.9 m. About 75% of the pores have a radius between 1.5 and 13 lm, and 24% of the pores have a radius of 4 lm. Pore size distributions were plotted for four core plugs in the interval of 3035-3050 m. These four curves are very similar and have negligible differences. The pore size distribution curve due to core plug of depth 3045.5 m was compared with the results obtained from RFT data in a similar interval. Figure 12 shows the result of comparison between RFT and core. The results illustrate that the main part of the curves for this interval is almost similar to a little differences where these differences may be occurred because the nature and scale of the tests are different.
Major section of the pore size distribution curve from both methods (core analysis and RFT analysis) has an acceptable correlation. Different scale of RFT test and mercury injection experiment causes some differences in the pore size distribution curves, for example, in the mercury injection test, due to high pressure, mercury may penetrate into small pores, while RFT test was performed at the reservoir condition (at reservoir pressure) and only large pores was determined.
Conclusions
1. Several parameters include in capillary pressure (P c ), pore radius (r p ), fluids density, depth of water-oil contact (WOC), and at the last step pore size distribution were obtained by analyzing RFT data. 2. Pore size distribution was obtained from RFT data in four pay zones of the reservoir. The results of one zone compared with the pore size distribution which was derived from mercury injection experiment. The results of this comparison show acceptable correlation between RFT results and core results. 3. There are some differences between the results of RFT method and MICP method. The source of these differences is the difference in the nature of data and the scale of the tests. RFT is performed at reservoir condition, while MICP test is performed in the laboratory condition, and it is usual that their results have some differences. 4. Extremely high pressure enters the mercury into very small pores, and this method measures very small pores which have not important role in fluid flow in a reservoir, while RFT method measures the fluid pressure in the reservoir condition so it is concluded that the accuracy of MICP is very high but the results of RFT method are more realistic. 5. Laboratory methods of determining pore size distribution are very expensive and time consuming, while the method which used in this study is a fast and cheap method. creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give 
